Historical perspective
Management of an injury involving the spine and spinal cord has yet to evolve to a point where one set of treatment strategies has been clearly proven to surpass all others. Historically, we know from the Edwin Smith papyrus that from approxi mately 2500 BC and onwards for the next 4000 plus years it was regarded as an ailment not to be treated.l Disagreements over the effectiveness of the surgeon's contribution to this admittedly difficult to treat malady began to take shape in Great Britain during the early nineteenth century when the nonoperative treatment advocated by Sir Charles Bell2 was challenged by the surgical school led by Sir Astley Cooper. 3 Cooper and his followers felt that, since at that time death was virtually inevitable in most cases without surgical intervention, there was little to lose by trying to improve matters by an operation. The conservative school, led by Bell, argued that this merely increased the risk of death and threatened any poten tial spontaneous recovery.
Several extremely important events oc curred in the nineteenth and early twentieth centuries that affected the practice of sur gery in general and consequently advanced the position that if surgery indeed had something to offer the spinal cord injured (SCI) person, that operation could now be carried out more safely and with less risk of morbidity and mortality. These events oc curred in several fields. In the field of microbiology, Louis Pasteur advanced the germ theory of disease and demonstrated sterilization by pasteurization as well as by boiling; 4 .s Ignas Semmelweis made some astute observations regarding the transmis sion of disease by the physician'S hands; 6
Lister promoted the concept of antisepsis and applied it to surgery by using carbolic acid applied to surgical dressings and also used it to cleanse instruments thus affording a reasonable expectation of primary wound healing and recovery;7 Robert Koch proved beyond a doubt that microbes cause disease and had to be eliminated from the surgical field to assure the prevention of infection;8 Halstead introduced the rubber operating glove;9 Schimmelbusch introduced steam sterilization;9 and Alexander Fleming dis covered penicillin which paved the way for the antibiotic era. 6 ,10 In the field of anesthe sia, important developments included the use of ether by W T G Morton and chloroform by John Snow-an achievement first called 'anesthesia' by Oliver Wendel Holmes-and the use of intravenous anes thesia by Ore. Both finally permitted com plete freedom from pain during surgery. 11 In the field of hematology, the discovery of the ABO blood groups by Landsteiner in 1901 unraveled the mystery of transfusion reac tions to some degree. Later, Landsteiner and Wiener discovered the Rh system which further reduced the likelihood of incompati bility. When sodium citrate was introduced as an anticoagulant for stored blood in 1914 and when better means for blood collection and storage at blood banks became avail able after World War II, the safety of spinal surgery was greatly enhanced. 12 Toward the end of the nineteenth cen tury, Conrad Roentgen discovered the x-ray and this provided the spinal surgeon and all of medical science with a method of imaging internal structures including the spine thereby advancing diagnostic and thera peutic methodologies of spinal disorders. 13 After World War I, myelography became available ,14 followed by computer aided tomography (CT) scanning 6 ,15 and magnetic resonance imaging (MRI). 1 6, 1 7 These three developments were pivotal in allowing all physicians treating trauma and disease of the spine and spinal cord to access the state of the art that we have today for imaging these two structures. CT can detail abnor malities of the bone far better than plain films; MRI can illustrate the soft tissues including the spinal cord, vessels, and discs; while myelography with newer water solu ble contrast materials provides valuable information about the neural canal/spinal cord relationships.
Despite all of these advances that have tory changes, must be made and special care must be taken to prevent complications, particularly of the respiratory system. In the author's experience, attempts made at shortening the total hospitalization of tetra plegic patients by allowing early mobiliza tion either via surgical intervention or via externally applied orthoses have not been impressive simply because of this obligatory adjustment period and because the need for external bracing impedes the attainment of independence in certain self care and mobil ity goals even if the patient is allowed out of bed before the typical 6 weeks needed for conservative healing of cervical fractures (Table Ia) .
Stability and deformity
Instability and deformity comprise the biomechanical aspects of spinal cord injury that must concern all who treat this prob lem. Munro has stated 'the stability of the spine depends on its ligaments and espe cially on the intervertebral discs and the A kyphosis of even 10 degrees can make this difficult since the patient will not be able to place his center of gravity behind the flex ion/extension axis of rotation of the hips.63
Finally, in this region of the spine, the risk of deformity is increased because the weight bearing load through the damaged verte brae is greater than it would be through the neck (in a cervical injury) and larger and stronger muscles than found in the neck, eg the iliopsoas, quadratus lumborum and muscles originating from the pelvis, can create deforming forces on the fracture when they contract. From a biomechanical standpoint, it would seem there is a greater need for near anatomical reduction and a need to hold that reduction securely in thoracolumbar and lumbar injuries while at the same time immobilizing as short a number of adjacent vertebrae as possible so that maximum flexibility can be retained. On the other hand, thoracic injuries are usually inher ently stable and like cervical injuries can 'tolerate' a somewhat greater deformity without compromising function.
One overriding caveat that should be emphasized is the point that laminectomy following trauma, when performed without an accompanying stabilization procedure for purposes of decompression, does not en hance neurological recovery and exposes the spine to the risks of instability and deformity and even further neurological loss. 6 4 -66
Neurological recovery
One further issue bearing on the decision to operate in the acute period is whether any operation can cause, encourage or hasten neurological recovery. This point has been hotly debated on both sides, mostly on the basis of each author's personal experi ence. far devised has been subjected to the rigor ous examination similar to that which was done for methylprednisolone and found to be superior to other operative procedures or to none at all. Although some investigators feel that neural damage is in fact caused by bony damage or dislocation, 6 7 it is important to remember that spinal cord injury can occur even in the absence of bony damage, particularly in older age groups, as has been pointed out by Hardy. 77 Intimately involved in the discussion of neurological improvement is the issue of displacement of bone or disc material into the neural canal producing a traumatic stenosis. There is considerable argument today over whether such stenosis or narrowing of the neural canal, if allowed to persist, does in fact impede recovery.
Opinions are divided along similar lines as described above because proponents of sur gery often rate 'decompression,' ie restora tion of the neural canal, as an important reason for operating in the first place. In some of the studies directed at this issue, where recovery was correlated with the extent of stenosis, no direct correlation could be found by some authors71.78-83 while others have stated the opposite.84,s5 Dall & Stauffer were able to conclude after a study of 14 patients with TI2 or LI burst fractures that while no correlation could be found between neurological recovery and neural canal compromise nor method of manage ment, they did note a more favorable prognosis in those patients with kyphosis less than 15 degrees.79
In the author's series, described in part above, no statistically significant difference could be found between comparable groups managed with and without operative fusion with respect to neurological recovery at 3, 6
and 12 months post injury and no correla tion could be made between the extent of post traumatic stenosis and neurological recovery in either group. 45 
Suggested guidelines regarding operative intervention
Based on information extant on the subject of early management of SCI, it is recognized that shortening the length of hospitalization, ensuring stability and preventing deformity, and optimizing chances of neural recovery are all desirable things. Some guidelines seem appropriate as to whether these goals should be pursued with or without surgery.
At least five factors are involved: (1) the general medical condition, (2) the potential for instability, (3) the degree of deformity present, (4) the degree of incompleteness of the lesion, and (5) the level of the lesion.
General medical condition
The general medical condition will be the first factor to limit or expand the options available. The victim of poly trauma is more likely to require life saving procedures and support systems that preclude early mobil ization.
Instability
The thoracolumbar junction, the lumbar spine and the midcervical region are the areas at greatest risk of being unstable while the thoracic spine is the most inherently stable section due to the support offered by the rib cage.8 6 The potential for instability can usually be inferred from the x-ray appearance. While instability can in simple terms be regarded as abnormal movement across the injury area, instability is also a relative term. Some lesions may be unstable in the supine position and move abnormally when the patient is turned on to his or her side. Others may be quite stable in the supine position, with or without external support such as tongs and traction, jackets or collars, but may be unstable in the upright position even with a collar or jacket.
Most injuries however do not have such complete ligamentous disruption that they are unstable even in the supine position, but it seems logical to consider surgical inter vention with internal stabilization in these patients since they will primarily be the ones with severe ligamentous disruption. However, for those that are likely to be unstable only when the body is subjected to the forces of gravity, i.e. when sitting (or standing), surgical intervention need be considered only if sitting is permitted by the medical condition. It seems logical in that instance to perform the surgery well before sufficient time passes for spontaneous ade quate bony healing to ensure stability any way. The time required to ensure such spontaneous healing varies with the location and the mechanism of injury. In general, 6
weeks are required for the cervical region and 8-10 weeks for the lumbar region (Table I) . Patients may be allowed out of bed after this time wearing external support. X-rays taken in the upright position while wearing the collar or jacket will disclose whether the force of gravity creates any instability. If so, then further time must be allowed for healing or surgical intervention should be considered. Most cervical injuries will require an additional 6 weeks and lumbar injuries an additional 2-4 months in external support before the injury is healed sufficiently to withstand the forces of full muscle action across the injured area. X rays taken after the passage of that amount of time, with all support removed in both the flexed and extended positions while sitting, will disclose whether such forces create abnormal movement. If so, then in most cases further healing will not occur and surgical stabilization should be considered. 
Completeness of lesion
In general, thoracic lesions are more likely to be complete and lumbar injuries are more likely to be incomplete. Cervical and thoracolumbar lesions occur about equally.8 6 As a rule, the more incomplete the injury, i.e. the lesser the neurological deficit, the more one may justify early mobilization. The mildest cases may require little or no rehabilitation; these patients can be discharged from the acute care hospital directly home providing they are stable and Paraplegia 32 (1994) 375-388 without significant deformity. Therefore if no contraindications exist, a surgical pro cedure and/or the application of a rigid nonremovable orthosis, e.g. a halo vest, should be considered for very incomplete patients to enhance early mobilization. However when a patient with an incomplete injury is showing progressive neurological recovery, caution must be advised since nothing must be done that might arrest this process. It would be safer to wait until recovery has stabilized. Patients with com plete lesions or those with sensory sparing only, particularly tetraplegics and high paraplegics, have the pathophysiological changes mentioned earlier in their respira tory and circulatory systems that will often preclude rapid mobilization, thereby mak ing the case for surgery less compelling. In fact, as long as they receive the necessary expert nursing care and physical and occu pational therapy, very little time is lost when the 6 weeks of 'down time' is used to enhance healing, nutrition, and strength in preparation for the added stress imposed by sitting.
Level of lesion
A better case for early mobilization can be made for lower paraplegics with injuries to the thoracolumbar or lumbar spine. Surgical stabilization can be better justified even in those cases with minimal potential for instability because, as noted above, the cardiovascular and respiratory changes are less problematic, these patients have more residual function, and the weight bearing load across the fracture site demands a longer period of bed rest if treated conser vatively. Operative treatment of the frac ture can often result in a better anatomical alignment which, as noted above, is more important in those with lumbar injuries since these patients will frequently have sufficient residual function enabling them to walk with braces. In the presence of weak or absent gluteal muscles, the preservation of the normal lumbar lordosis will make ambu lation much easier.
Using these five parameters, a rational decision can usually be made about how to proceed with managing the spinal cord injured patient. It is important to remember that surgery is not required for bones to heal, nor necessary to reduce or hold a fracture in alignment, since reduction can sometimes be accomplished using closed techniques. However, when the potential for instability seems significant enough, when the likelihood of poor compliance by the patient is a concern, and when a significant deformity will probably result if healing occurs in the position seen on the initial x-rays, then surgery should certainly be considered to correct the problem, pro viding the patient's general health permits. Surgery is particularly indicated if the de gree of incompleteness or the level of lesion permits early mobilization. With these indi cations Dickson also recommends internal stabilization in special circumstances, i. e. the patient with spinal injuries at multiple levels, the patient requiring surgery on the viscera and the patient with concomitant serious head injuries if their injuries are considered potentially unstable. 88 None of the above guidelines, it will be noted, deal with the consideration of en hancing neural recovery. In the author's opinion, it has yet to be proven that pursuing this goal in the absence of other indications is worth the risk of the compli This observation does not appear to preclude the performance of surgery for biomechanical considerations at the optimal time since these can usually still be effect ively carried out after 1 week. Nevertheless, some still advocate earlier intervention. 92 In the author's series,45 where surgery wa" performed for biomechanical reasons only, not for purposes of decompression, and no neurological deterioration was noted, the mean time from injury to surgery was 11 days.
